Marine protected areas (MPAs) could be useful as fisheries management tools for the exportation of pelagic eggs, larvae and adult fish. A decreasing gradient of fish biomass across MPAs boundary may indicate export. We determine whether gradients of decreasing biomass of fish assemblage occurred in Tabarca Marine Reserve over two habitats with different continuity across the boundaries, to test if the patchy nature of the marine environment might act as a barrier for the fish export. In general, significant decreasing gradients in total fish biomass and biomass of some species were observed on P. oceanica and rocky substrates, independently of their different continuity through the reserve boundaries. Changes in the multivariate structure of the fish assemblage were correlated with the distance from integral reserve. All of these results support the hypothesis that the exportation of adult fish from Tabarca Marine Reserve occurs, and this process may influence the surrounding fished areas.
Introduction
In recent years, most coastal fish resources have been overexploited (Castilla, 2000) , raising doubts about the long-term sustainability of certain fisheries (Pauly et al., 2002; Worm et al., 2006) . In addition, fish habitats have also been strongly altered by widely used impacting fishing gears (trawls, dredges, . . .) resulting in reduced seabed complexity and removal of macrobenthic organisms that provide shelter for others (Sumaila et al., 2000) . The poor effectiveness of conventional fisheries management has led to increased interest among marine resource managers in marine protected areas (MPAs) (Bohnsack, 1998; Caddy, 2000) , because they are considered a potential means of enhancing the long-term sustainability of many fisheries (Gell and Roberts, 2003; Sobel and Dahlgren, 2004; Ramos-Esplá et al., 2004) . However, while the use of MPAs for this purpose is becoming popular, their ability to restock the fishing areas surrounding MPAs is also controversial (Willis et al., 2003; Hilborn et al., 2004; Sale et al., 2005) .
A number of studies have explored the effect of the cessation of fishing within MPAs and in general, abundance, biomass and mean size of exploited fish populations are higher within protected areas than in nearby non-reserve areas (see Halpern, 2003 for review) . However, to be useful as fisheries management tools, MPAs need to affect outside fished areas in a positive manner (Russ, 2002; Gell and Roberts, 2003) . To benefit fisheries, MPAs are predicted to support adjacent fisheries through two mechanisms: net emigration of adults and juveniles across borders, termed ''spillover", and with the increased production and exportation of pelagic eggs and larvae (Rowley, 1994; Kaunda-Arara and Rose, 2004; Abesamis and Russ, 2005) .
A decreasing gradient of fish biomass across MPAs boundaries, from high inside to low outside, may indicate spillover (Rakitin and Kramer, 1996) . Net emigration of adult fish from the MPA, combined with fishing mortality outside, may produce such a decreasing pattern of biomass (Rakitin and Kramer, 1996; Abesamis and Russ, 2005) . Protection increases the abundance of the most targeted species by fisheries (e.g. big serranids and big sparids), favouring changes in the fish assemblage structure (Ojeda-Martinez et al., 2007) . Therefore, if spillover occurs the structure of fish assemblage will change related with the distance from the MPA. Reporting MPA effectiveness only by total or by individual species biomass is important but not sufficient from an ecosystem-based perspective, being necessary to study the changes in the fish assemblage structure to evaluate precisely the recovery effects of protection. Decreasing gradients of fish biomass across MPA boundaries were observed in a number of studies in tropical and temperate regions, using underwater visual census (Russ and Alcala, 1996; Ashworth and Ormond, 2005) , catch rates (Kaunda-Arara and Rose, 2004; Goñi et al., 2006) or both (Rakitin and Kramer, 1996; Russ et al., 2003 Russ et al., , 2004 Abesamis and Russ, 2005) . However, these studies did not account for differences in habitat between the reserve and the fished sites. Therefore, the 0141-1136/$ -see front matter Ó 2008 Elsevier Ltd. All rights reserved. doi:10.1016/j.marenvres.2008.08. 003 patterns could have been due to spillover or to habitat differences, which affect fish density (Chapman and Kramer, 1999; Abesamis et al., 2006) . Nevertheless, it is still unclear whether a decreasing gradient of fish biomass across a reserve boundary indicates spillover. Many environmental factors may explain spatial and temporal variability of littoral fish local assemblages. Habitat structure in the form of habitat complexity and/or heterogeneity (McCoy and Bell, 1991) , and also variations in depth (Bell, 1983) , are often related to fish population size and assemblage structure (Ruitton et al., 2000; García-Charton and Pérez Ruzafa, 2001; Letourneu et al., 2003) . Thus, gradients of decreasing biomass across MPAs boundaries may reflect better habitat characteristics inside than outside reserves, rather than effects of protection from fishing in the reserve. Disentangling the effects due to habitat structure will avoid ''ecological confounding" in the interpretation of results (Hurlbert, 1984; Underwood, 1997) , as well as increase the chance of correctly interpreting the observed spatial and temporal heterogeneity of fish populations due to protection.
In addition, if gradients of decreasing biomass away from MPAs are due to spillover, the availability of a continuous habitat suitable for fish adjacent to reserves may have been important in promoting the net emigration of some fish from the reserves. Spillover benefits are more likely if reserves and their immediate surroundings occur in relatively homogeneous habitat (Chapman and Kramer, 2000; McClanahan and Mangi, 2000; Kaunda-Arara and Rose, 2004) , because many fishes are habitat specific and are reluctant to disperse across ''foreign" habitats (Chapman and Kramer, 2000) . For this reason, spillover will also be influenced by the habitat bordering a reserve (Rowley, 1994) .
The ideas of protecting breeding stocks, improving recruitment to neighbouring areas, and restocking marine species of commercial interest, were the most important initial goals of the creation of Tabarca Marine Reserve (Ramos-Esplá, 1985) . This MPA was established in 1986, and it has already yielded a large background of data showing the presence of higher biomass inside. Overall fish abundance and biomass were, respectively 92% and 317% higher in Tabarca Marine Reserve with reference to control fished areas (Forcada, 2005) . Moreover, different traditional fishing grounds are distributed around Tabarca Marine Reserve, which are mainly used by the artisanal fleet causing a concentration of fishing effort close to the reserve boundaries (Goñi et al., 2008) .
The main objective of this work was to assess spillover examining gradients of fish biomass across Tabarca Marine Reserve boundaries. As a second objective, with the aim to test if the patchy nature of the marine environment might act as a barrier for the movement of fish, we investigated the gradients over two habitats: Posidonia oceanica seagrass meadow (continuous through reserve boundaries) and rocky substrate (discontinuous through reserve boundaries). Furthermore, we explored the relationship between the fish assemblage and habitat structure, as an environmental factor likely to account for an important part of the variability along the gradient. We statistically control the effects of habitat correlates of fish assemblage to test the hypothesis that gradients are due to reserve protection rather than measured habitat differences. Finally, changes in the structure of the fish assemblage were assessed at different distances from the integral reserve to test the effect of spillover.
Materials and methods

Area descriptions
This study was carried out during June-July in 2005 and 2006 in Tabarca Marine Reserve (South-western Mediterranean Sea, Spain). Tabarca Marine Reserve was created in 1986 and is 1400 ha. This MPA is zoned in three management zones with different levels of protection (Ramos-Esplá, 1985 ; Fig. 1 ): (I) the Integral reserve area (100 ha), where all human uses and activities are prohibited, except the scientific research; (II) the Buffer area (630 ha), in which some selective fishing methods are allowed; and (III) the Transitional area (670 ha), in which a number of activities are permitted (selective fishing techniques, swimming, SCUBA diving, mooring of yachts). The main habitat, P. oceanica meadows, is highly extended outside the borders in a continuous way, furthermore rocky bottoms also have a patchy distribution over the area of study.
Study design and methods
To test our hypothesis, seven localities were positioned at increasing distances from the core of the integral reserve and with different protection status (four inside the MPA and three in fished areas) (Fig. 1) . In each locality, three sites were randomly located at a scale of 100 s of metres. Finally, six random visual counts (replicates) separated by 10 s of metres were done in each site. The surveys were carried out over one continuous habitat ( P. oceanica seagrass meadow) and another discontinuous (rocky substrate). To assess for the temporal consistency in the results, we repeated this sampling procedure two times, resulting in a total of 504 replicates in the data set.
Fish assemblage was sampled by means of underwater visual census techniques. The abundance and size (total length in classes of 2 cm) of each fish species was recorded by a SCUBA diver within a 25 Â 5 m transect in rocky substrate, and a 50 Â 5 m transect in P. oceanica meadow as fish were more dispersed in this habitat (Harmelin-Vivien et al., 1985) . This procedure is quite precise after a training period (Bell et al., 1985) . Each observation was assigned to one of nine predetermined abundance classes (Harmelin, 1987) , the limits of which coincide approximately with the terms of a base two geometric series. Geometric means of each fish abundance class were used for further calculations. This system of recording numbers, which is usual for fish censuses, leads to similar degrees of error over a wide range of abundances, and insures the homogeneity of variances when performing analyses with logtransformed data (Frontier, 1986) .
Habitat was described using substrate variables, distinguishing between vertical complexity (estimated as number of rocky boulders and verticality), horizontal heterogeneity (cover of different substrate) and depth (García-Charton and Pérez Ruzafa, 2001) . After counting fish, the same observer covered the transect length in the opposite direction to count the number of rocky boulders classified by the size of their major length: small (major length: 50-100 cm), medium (major length: 100-200 cm), and large (major length: > 200 cm). The observer completed measuring the minimum and maximum depth, and verticality (was estimated as the vertical distance between the deepest and the shallowest point inside each transect). Finally, habitat heterogeneity was estimated visually within each transect as the relative percentage cover of different substrate types: rock, sand and P. oceanica meadow. Because the location of each sampling site was randomly selected, its geographical position was denoted by means of a global positioning system (GPS). Subsequently for each site, distance from the centre of the integral reserve and distance from Tabarca Marine Reserve boundary were calculated by means of a geographic information system (GIS).
The seasonality is an important environmental variable on fish assemblage in temperate systems (Ansari et al., 1995; Magill and Sayer, 2002) . For this reason, the surveys were done in the same season to reduce the natural variance between replicates thus providing better evidence of spatial patterns of distribution. The warm season is the most suitable period for visual counts in the Mediterranean, as fish communities are more diverse and stable during this period (Harmelin, 1987) . Fish censuses were then performed during June and July, between 10:00 and 15:00 h, and with optimal seawater conditions of turbidity and swell.
Data analysis
2.3.1. Fish parameters Fish assemblage structure was specified for each transect by total biomass. Individual weights of fish were estimated from published length-weight relationships (Valle et al., 2003) . For each species we estimated its relative frequency of occurrence, separately for each habitat considered in the experimental design.
'Total reduced biomass' was also estimated by excluding from the calculations all pelagic species (Atherinidae, Centracanthidae, Pomacentridae and the Sparidae Boops boops and Oblada melanura). These species are often abundant and gregarious, and their high variability in spatial distribution may mask the effect of protection or habitat (Harmelin, 1987; García-Charton et al., 2004) . Species belonging to Gobiidae and Scorpaenidae are particularly cryptic or hidden and they require a sampling procedure specially adapted to their characteristics (Willis, 2001) . For this reason, these species were not analysed and were also removed from the estimation of 'total reduced biomass'.
Influence of habitat characteristics
Linear regression was used to assess whether habitat variables (cover of different substrate types, number of rocky boulders, depth and verticality) were related with distance from integral reserve centre. An analysis of variance (ANOVA) of the regressions was performed in order to determine whether the association between the variables was statistically significant. Moreover, to explore the relationship between fish assemblage parameters -total reduced biomass and species biomass (ln-transformed) -and the previous habitat structure descriptors (and their quadratic and cubic terms to explore the possible nonlinear relationship), multiple regression analyses were performed in the framework of generalized linear models (GLM) (McCullagh and Nelder, 1989; Chapman and Kramer, 1999; Letourneu et al., 2003; García-Charton et al., 2004) . Fish variables were examined at a replicate level using multiple linear regressions. In each case, stepwise forward selection of variables was run, with the aim of maximizing the deviance reduction, followed by a stepwise backward elimination to prevent the loss of statistical significance of some variables due to the latter incorporation of new variables into the model. Before accepting any model, an analysis of residuals was performed to detect outliers with high influence on the models. We measured the leverage and the Cook statistic of each sampling unit ( McCullagh and Nelder, 1989) , so that any one with high values of leverage and influence was removed and the model refitted to insure consistency.
Gradients of fish biomass
Gradients of fish biomass across MPA boundaries were analysed using linear regressions. Average total reduced biomass and species biomass (ln-transformed) at each site were tested versus distance from integral reserve centre. Analyses were performed only on those non-pelagic taxa sufficiently frequent throughout the study, i.e. with a frequency of P 10%. These regressions were performed separately for two times sampled at each habitat. An ANOVA of the regressions was performed in order to determine whether the association between the variables was statistically significant.
To quantify the spatial variation after extracting the variability due to the influence of habitat variables, residuals of multiple linear regression analyses (defined as corrected biomass) were used as dependent variables repeating the linear regression with distance from integral reserve centre. This process was done in order to ensure that gradients were related to protection and not to differences in habitat features (Chapman and Kramer, 1999; García-Charton et al., 2004) .
Changes in multivariate structure of fish assemblage
We used multivariate techniques that are suited for ecological data because this allowed the production of a diagnostic on the change of the entire fish assemblage. Therefore, non-parametric approaches were selected by combining non-metric multidimensional scaling (MDS) and hierarchical cluster (Clarke, 1993; Clarke and Warwick, 2001) , to assess differences in the biomass of the structure of the community within each locality, with regard to the different habitats and times considered by our sampling design.
With the aim of incorporating the influence of environmental variables in the assessment of the effect of distance from integral reserve over the fish assemblage, we perform BEST and LINKTREE routines included in PRIMER v6 software (Clarke and Gorley, 2006) . A first appraisal of the relationships between species biomass and environment was provided by BEST, which was used to select the subset of environmental variables which best explains the multivariate pattern of the fish assemblage. In order to carry out a full search of all possible combinations of environmental variables, BIO-ENV procedure was run using Spearman coefficient (Kendall, 1970) as rank correlation method. Moreover, a global BEST match permutation test (using 999 permutations) was applied to test agreement between fish assemblage and the subset of environmental variables selected. The associated Pearson's correlation coefficient of pairs of environmental variables was examined to identify variables strongly correlated. All subsets of variables strongly collinear (with values > 0.95 or < À0.95) were reduced to a single representative in the BEST run (Clarke and Warwick, 2001) . In a second step, only the environmental variables selected by BEST were included as explicative variables in LINK-TREE procedure (a non-parametric multivariate form of classification and regression trees; De'ath, 2002) . This non-parametric multivariate discrimination technique constructs a hierarchical tree through successive dichotomies of the set of observations. Each division is characterised by one or more variables, and ranges of their values, that appear to be responsible for discriminating each different assemblage grouping. LINKTREE is capable of demonstrating that an environmental variable is important for internal assemblage structuring of one group of samples but not for another group (with similar values range).
The ''similarity profile" permutation test (SIMPROF) (Clarke and Gorley, 2006) , which test for significant evidence of multivariate structure among samples that have no pre-defined grouping, was combined with hierarchical cluster and LINKTREE to justify identification and interpretation of clusters. The significance level was conventionally taken as 5%, and 1000 permutations were used to calculate the mean similarity profile, with 999 to generate the null distribution of the departure statistic, p.
For the overall multivariate testing technique, similarities among fish assemblage were calculated using the Bray-Curtis similarity index (Bray and Curtis, 1957) on the log-transformed biomass data by species. Censuses from P. oceanica meadow and from rocky substrate were computed together. For protection status, a dummy variable of '1' was assigned to transects inside the MPA, and '0' for those in fished areas. Again, for habitat factor, another dummy variable of '0' was assigned for transects over rocky substrate, and '1' for those carried out on P. oceanica meadow. These two dummy variables (called MPA and habitat respectively), distance from the integral reserve centre, and distance from MPA boundary were included in the environmental data matrix with the substrate variables collected during the visual census. Environmental variables similarity matrix used in the prior analysis was calculated within localities using Normalised Euclidean distance (Clarke and Warwick, 2001 ).
Results
Fish assemblage
During this study, a total of 47 fish species were observed (belonging to 16 families), of which 38 appeared in P. oceanica and 45 on rocky substrate (Appendix A). The most representative family was Sparidae followed by Labridae, with 13 and 12 species respectively. Total biomass averaged 2213 ± 307 (SE, standard error) g 125 m À2 on P. oceanica, and 10225 ± 1003 (SE) g 125 m
À2
in rocky substrate. Total reduced biomass -i.e. excluding from the summation pelagic and cryptic species -attained values of 1503 ± 278 (SE) and 8874 ± 971 (SE) g 125 m À2 , in P. oceanica and rocky substrate, respectively. R 2 = 0.517, p < 0.001) rocky boulders increased significantly with distance from integral reserve. The parameters of fish assemblage responded to combinations of complexity and heterogeneity of habitat. The analyses of residuals confirm the goodness-of-fit of the models, so that no further reference will be given to these procedures. The regression model constructed on the observed values of total reduced biomass on P. oceanica, incorporated four habitat variables to explain 32.5% of the variation (Table 1) . Biomass responded to variations in rock cover, minimum and maximum depth and number of small boulders. Similarly, on rocky substrate, the multiple regression analysis of reduced biomass accounted for 28.4% of the variation, but the Table 1 Results of multiple linear regression analysis of mean biomass (ln-transformed) (ln g/125 m 2 ) against habitat structure descriptors for total reduced biomass and the 12 and 20 species most frequent on P. oceanica meadow and on rocky substrate respectively. For full species names see Table 2 Species model incorporated rock cover, verticality and number of large boulders (Table 1 ).
Significant models were obtained for 11 of the 12 most frequent non-pelagic species on P. oceanica, when exploring the relationship between their biomass and habitat variables ( Table 1) . The fitted models accounted for 1.9-16.2% of the observed variation in species biomasses, although the explained variance was substantial (>10%) for only five species. Sand cover did not explain variation in any species biomass, while maximum and minimum depth were the habitat variables most included in the models. On rocky substrate, 20 non-pelagic species had a frequency of occurrence P 10%, and all of them showed significant models, but the proportion of variance explained exceed 10% only for 14 species (Table 1 ). In general, models incorporated more than two habitat variables and explained 2.3-29.3% of total variation of species biomasses.
Gradients of fish biomass
As the prior results exhibit, there was a significant spatial variation in habitat structure, and fish assemblage responded to changes in habitat heterogeneity and complexity. Therefore to try to distinguish between the effects of habitat and protection, we did the linear regressions using the values of original variables after correcting for the effect of habitat by using residuals of multiple regression analyses as dependent variables. By doing so, we found some changes compared with the analyses performed on raw data. In general, the slope of the linear regression and the proportion of variation explained by distance from integral reserve decreased after removing the effect of habitat. Moreover, after correcting for the effect of habitat, values of biomass of two species on P. oceanica, and four on rocky substrate, had lost the significance of the trend related with distance from integral reserve (Table 2) . Additionally, two species on P. oceanica, and one on rocky substrate, did not maintain the expected pattern over time.
Corrected total reduced biomass decreased significantly across Tabarca boundaries on both P. oceanica and rocky substrates, and this pattern was observed over time (Fig. 2) . Distance from integral reserve explained 26.1-38.8% of total variation of corrected biomass on P. oceanica, and 24.7-67.3% on rocky substrate (Table 2) . Concerning the most frequent non-pelagic species on P. oceanica, only six of them decreased significantly across Tabarca boundaries ( Table 2 ). The gradient was significant in both sampling periods for Labrus merula (Fig. 3a) and Thalassoma pavo (Fig. 3c) . However, it was significant only in one sampling time for Serranus scriba (Fig. 3e) , Symphodus ocellatus (Fig. 3g) , Diplodus vulgaris (Fig. 3i) and Sarpa salpa (Fig. 3k) . On the other hand, on rocky substrate, corrected biomasses of five of the most frequent non-pelagic species had a significant decreasing trend (Table 2) : Diplodus sargus (Fig. 3b) in two sampling times, and S. salpa (Fig. 3d) , S. ocellatus Table 2 Linear regressions analyses for mean corrected biomass (residuals) versus distance (m) from integral reserve at each time of total reduced biomass and the 12 and 20 species most frequent on P. oceanica meadow and on rocky substrate, respectively Regression lost the significance in one time sampled after correcting for the effect of habitat. c Regression lost the significance in both times sampled after correcting for the effect of habitat. d Regression was done using mean biomass (ln g/125 m 2 ) because not significant relationship with habitat was found. (Fig. 3f) , Epinephelus marginatus (Fig. 3h) and Diplodus cervinus (Fig. 3j) in only one. On the contrary, corrected biomass of Symphodus rostratus (Fig. 3l) increased across Tabarca boundaries, but it was significant only in one sampling time.
3.4. Spatial variation in the multivariate structure of fish assemblage MDS clearly separated the two habitats sampled, except for localities 1 (during both times) and 3 (only during time 1) of P. oceanica, which had a similarity of 70% with the assemblage observed on rocky substrate (Fig. 4) . SIMPROF test corroborated these results (p = 4.29, p < 0.001). The pattern related with distance from integral reserve was observed only on rocky substrate. Fish assemblage in the integral reserve differed significantly (p = 1.11, p = 0.015) from that censued on the other localities. Moreover, fish assemblages of the rest of localities were split significantly (p = 1.93, p < 0.001) in two groups: the first one enclosed localities 2, 3 and 4, and the second included localities 5, 6 and 7. In the last group were also included the fish assemblage of the integral reserve of P. oceanica, which had a structure different to those observed in the other localities of seagrass.
The environmental variables, habitat, rock cover and maximum depth were strongly collinear with P. oceanica cover, number of small boulders and minimum depth, respectively (Pearson's correlation coefficient > 0.95). BEST results showed that the combination of substrate cover, number of medium-sized boulders, and distance from integral reserve was the most correlated with fish assemblage structure (q = 0.674, p < 0.001). The inclusion of these variables in LINKTREE analysis (Fig. 5) resulted that distance from integral reserve explained the differences found among localities of rocky substrate. On rocky habitat, substrate cover was also important in the differences found between the integral reserve and the localities 2, 3 and 4.
Discussion
Total reduced biomass of fish assemblage and biomass of some specific species exhibited a decreasing gradient across Tabarca Marine Reserve boundaries, which persisted even though the effects of the habitat structure were removed. Changes in the multivariate structure of the fish assemblage were also related with distance from integral reserve. The pattern was observed on both habitats studied, and persisted over time for total reduced biomass and some studied species.
The exploration of the relationship among fish assemblage parameters and environmental variables in this study corroborates that habitat structure is an important factor likely to explain the spatial distribution of Mediterranean fish assemblages. Whereas visual counts were performed on areas with habitat structure as comparable as possible, multiple linear regressions demonstrated that habitat characteristics, at the smallest spatial scale, influenced significantly the fish community parameters studied. Other studies also attribute a substantial part of the observed spatial variability in fish assemblages to habitat (Ruitton et al., 2000; García-Charton and Pérez Ruzafa, 2001; Letourneu et al., 2003) . Greater habitat heterogeneity and complexity result in a bigger variety of substrates and greater surface availability, therefore additional and a diversification of resources for individual fish are provided (food, refuge against predation or light, as well as resting or mating sites; García-Charton and Pérez Ruzafa, 2001). We found that each of the habitat structure variables considered was significant in explaining the spatial distribution of the studied fish assemblage. This implies that all of them should be taken into account because only this approach may give the most comprehensive view of the fish assemblage-habitat relationship (Ruitton et al., 2000) . In this sense, Mediterranean MPAs were usually established in zones that already harbour intrinsic structurally complex habitats (Ramos-Esplá et al., 2004) , which favour the development of abundant fish fauna. Additionally, protection may also enhance the quality of habitat which is preserved inside MPAs from negative impacts (e.g. destructive fishing practices; Sumaila et al., 2000) . In fact, the present study demonstrated that Tabarca Marine Reserve had some differences in habitat structure compared to surrounding areas. Most of the habitat variables that explain part of the variability of the fish assemblage had significant linear trends from inside to outside the marine reserve, and this influence was taken into account. The decrease in the number of significant gradients related to distance from integral reserve, when calculated after extraction of variation due to habitat, confirmed that habitat characteristics were, in some cases, more important than protection in explaining the pattern of the data. Note, however, that statistically controlling for habitat correlates may attribute effects of reserve protection to spuriously correlated habitat characteristics, increasing the potential for type II error when testing for significant effects of reserve protection (Chapman and Kramer, 1999) . Our results indicating no significant effect of reserve status based on this approach should therefore be interpreted cautiously.
After extracting the effect of habitat, significant decreasing gradients of total fish biomass and most of the species studied were observed on P. oceanica and rocky substrate, and some of them were consistent over time. Changes in the structure of the fish assemblage were correlated with distance from integral reserve and not with protection status (inside-outside MPA). These gradual changes in fish assemblage related with distance from integral reserve, rather than a sudden change across the reserve boundary, indicate good evidence of biomass export. About the species that did not maintain the same pattern over time, it is part of the natural variability of the fish assemblage (Holbrook et al., 1994) , which obliges to incorporate a suitable temporal replication in order to differentiate adequately the effects of protection. Net emigration of adult fish from Tabarca Marine Reserve combined with the high concentration of fishing effort around its boundaries (Goñi et al., 2008) produce the observed decreasing patterns of biomass. These results corroborate the hypothesis of spillover (Rakitin and Kramer, 1996) around Tabarca Marine Reserve. On the contrary, the opposite pattern was obtained for S. rostratus, which increased significantly with distance from the centre of the Tabarca integral reserve. Similar results were found in other studies (Watson and Ormond, 1994; Kaunda-Arara and Rose, 2004; Ashworth and Ormond, 2005) , where for some species greater abundance in fished areas have been observed, suggesting that this could be due to reduced competition or predation outside the reserve. Theoretically, some families and species might be expected to experience negative effects from reserves, because species Fig. 4 . Two dimensional nMDS ordination of biomasses (log-transformed) of the species observed at each locality at each time. Cluster results were superimposed, grouping with similarity levels of 60% and 80%. For each point, the first digit indicates the time (1: time 1, 2: time 2) and the letter and number represent the locality (L1: locality 1, L2: locality 2, . . ., L7: locality 7). Fig. 5 . LINKTREE of biomass (log-transformed) of the species observed at each locality within each time. The plot displays only those divisions for which SIMPROF test was significant (p < 0.05). For each split the ANOSIM test statistic (R: rank similarity index) is showed. B%: absolute measure of group differences. For each sample, the first digit indicates the time (1: time 1, 2: time 2), the next letter the habitat (R: Rocky substrate, P: P. oceanica meadow), and the last letter and number the locality (L1: locality 1, L2: locality 2, . . ., L7: locality 7). interactions may also have important effects (Pinnegar et al., 2000; Jennings, 2001) .
Although significant decreasing gradients has been detected in both habitats, we found some differences between the results obtained in P. oceanica meadow and on rocky substrate. Distance from integral reserve explained greater proportion of variance of total reduced biomass on rocky substrate than in P. oceanica meadow. Moreover, the multivariate structure of the fish assemblage showed a gradual change related with distance from integral reserve on rocky substrate, meanwhile over P. oceanica only the assemblage of the integral reserve was different to those of the other localities. These results suggest that, contrary to what we expected, evidence of spillover seem to be clearer on rocky substrate even though it has a big discontinuity between inside to outside Tabarca Marine Reserve. Although the multivariate structure of fish assemblage was significantly different between P. oceanica and rocky substrate, 80% of the species were observed at both habitats. The relative lack of specificity of most species for bottom features could be the result of the combination of a relatively wide home range and flexibility on resources use in general. Although, another likely explanation is that most of the target species (e.g. E. marginatus, Sciaena umbra, D. cervinus, etc.,) seek shelter during daytime hours on rocky substrates, increasing their residence time in this habitat, hence responses to protection would be intrinsically stronger to detect on rocky substrates relative to P. oceanica meadows. In this sense, the diet and pattern of space occupation of species may vary depending on age (Harmelin-Vivien et al., 1989) , resulting in morphological changes, learning, social rank, reproductive state and sex (in the case of sequential hermaphrodite species) (Forrester, 1991; McCormick, 1998) . Furthermore, most fish species would be sufficiently flexible in their feeding and space requirements to adapt to resources available at each site and to avoid competing for them with conspecifics or individuals of other species, as suggested by a few studies in the Mediterranean Sea (Harmelin-Vivien et al., 1989; Jennings et al., 1997) . Therefore, it can be suggested that movements of fish among rocky patches could occur easily through P. oceanica meadows which acts as a suitable path. It has been pointed out (Roberts, 2000) that habitat continuity through MPAs limits is important for biomass export to open fished areas. An extensive tagging study carried out in Apo Reserve (Chapman and Kramer, 2000) supports this assessment. When reserve boundaries are set at natural barriers where costs of moving increase, relocation across the boundaries should be reduced, and conversely, fish may readily move from reserves to fished areas when these areas are connected by continuous suitable habitat (Chapman and Kramer, 2000) . However, this assumption does not seem to be useful for the fish assemblage associated to rocky patches located inside P. oceanica beds. Our results suggest that fish could move easily among rocky patches when they are located inside P. oceanica meadows. To obtain spillover effects, habitat continuity of rocky bottoms is not as important as their presence inside and outside the MPA, only if they are properly connected. Defining and understanding the mosaic of habitats and their connection within the ecosystem is critical. MPAs need to be viewed in the larger context of the entire ecosystem and their design needs to consider the habitat requirements and life histories of the species of interest, as well as the extent to which these habitats interact at larger spatial scales.
Conclusions
This study detected gradients of decreasing biomass of fish across the boundaries of Tabarca Marine Reserve, which continued even after removing the effects of the habitat structure. This pattern persisted over time for total reduced biomass and some studied species. Decreasing gradients appeared in both habitats studied, P. oceanica meadow and rocky substrate, and independently of their different continuity through the reserve boundaries. These gradients ultimately culminated in progressive change in the structure of fish assemblages, particularly on rocky substrate. All of these results support the hypothesis that the export of fish from Tabarca Marine Reserve occurs. This process should provide local benefits to the artisanal fleet which operates in fishing grounds just around Tabarca Marine Reserve, achieving the main objective of the creation of this MPA.
Appendix A
Mean total biomass ± standard error (g/125 m 2 ) and percentage of frequency of occurrence (Freq.) of the species observed in P. oceanica meadow and rocky substrate 
